Abstract: Recent studies in the field of software engineering have shown that positive emotions can increase and negative emotions decrease the productivity of programmers. In the field of affective computing, many methods and tools to recognize the emotions of computer users were proposed. However, it has not been verified yet which of them can be used to monitor the emotional states of software developers. The paper describes a study carried out on a group of 35 participants to determine which of these methods can be used during programming. During the study, data from multiple sensors that are commonly used in methods of emotional recognition were collected. The participants were extensively questioned about the sensors' invasiveness during programming. This allowed us to determine which of them are applicable in the work of programmers. In addition, it was verified which methods are suitable for use in the work environment and which are only suitable in the laboratory. Moreover, three methods for inducing negative emotions have been proposed, and their effectiveness has been verified.
Introduction
In the age of global information, it is of paramount importance to provide reliable and high-quality software at a reasonable cost and duration. Because of the continuous increase in the number of IT projects, the demand for information and communication technology (ICT) specialists is steadily growing [1] . Software development companies already have difficulties in recruiting specialists with the required knowledge and experience [2] . One of the solutions to the problem of an insufficient workforce in the ICT sector may be to increase employee productivity.
Introducing affect awareness in software development management may be one of the solutions to this problem. Recent research has already shown that, in IT projects, positive emotions increase productivity, while negative emotions can significantly reduce performance [3] [4] [5] [6] [7] . Affect-aware IT project management can help software developers stay productive as well as detect when emotions, such as frustration, reduce their performance [5] . However, to bring these ideas to life, tools to recognize the emotions of software developers while working are essential.
The affective computing domain has provided many methods and tools for recognizing the emotions of computer users. However, it has not been verified yet whether they can be used to monitor the emotions of programmers during their daily work and to what extent. Moreover, some of them, as a result of their invasiveness or cost, are not suitable for use in a work environment and can be used only in a laboratory.
Spontaneous emotions cannot be expected during laboratory experiments. Therefore, to study the emotional states of programmers in such an environment, they should be induced somehow. Only the additional hardware [29] . There have already been attempts to use this method to monitor software developers [30] .
The only channel used in previous research (e.g., [31, 32] ) that was excluded from the presented study was EEG. The Biometric Stand [33] , on which the experiment was conducted, contains only a 3-channel EEG sensor that does not provide reliable data.
A number of studies have also been conducted on the use of sentiment analysis techniques to identify emotions on the basis of IT project artifacts (e.g., [34, 35] ). However, the purpose of this study was to check the ability to recognize emotions of developers while working, and therefore these methods have not been included.
Study Design
The aim of the study was to determine which of the methods can be used to detect the emotions of programmers. Emotion recognition methods are based on data received from one or more channels. For example, methods based on the analysis of facial expressions use video camera images, and methods based on the analysis of the physiological response of the human body use data from biosensors.
For the purpose of this study, the following input channels were selected on the basis of the analysis of methods used in the presented research in the field of software engineering:
Skin conductance -Heart rate -Respiration -fEMG
•

Computer keyboard and mouse movements
During the study, the participants were asked to solve simple algorithmic tasks in the Java language using a popular integrated development environment (IDE). While the participants were solving tasks, data were collected from multiple channels. At the same time, activities were performed to elicit the emotions of the developers. Before the study, the participants were informed about the purpose of the study but were not aware of attempts to influence their emotional states.
The study was designed to be conducted at a biometric stand in the Laboratory of Innovative IT Applications at Gdansk University of Technology (GUT). The room was divided into one part for the participant and one part for the observer, separated by an opaque partition (Figure 1 ). On the participant's desk there was a monitor, a keyboard and a mouse connected to the computer on which the tasks were performed. The computer itself was physically located in the second part of the room; it is labeled as Computer 2 on Figure 1 . In addition, a video camera was located in front of the participant at the top of the monitor, followed by a lighting set, supplied with Noldus FaceReader software, which was used to recognize emotions on the basis of facial expressions [36] . Underneath the monitor, a myGaze Eye Tracker device was situated. A number of sensors were attached to the participant and were linked through the Coder FlexComp Infiniti by the Thought Technology analytical device with Computer 1, which was located in the observer's area. The BioGraph Infiniti application, developed by Thought Technology, was running on this computer and allowed visualization, pre-processing and exporting of the data from the physiological sensors. The observer also had a monitor, mouse, and keyboard connected to the participant's Computer 2. This allowed the observer to interfere in the activities of the participant. On Computer 2, Morae Recorder software was installed, which recorded the participant's desktop image, mouse movement, and fixation from the eye tracker. There was also a data acquisition program for keystroke analysis available on the same computer [30] . Computer 3 Downloaded from mostwiedzy.pl was used to collect all other data useful for the recognition of emotions, including recordings from the video camera and the microphone located in front of the participant. 
Plan of the Study
The study was organized in the form of consecutive sessions. During a session, the participant individually solved four programming tasks. Each participant took part in only one session; therefore, the number of sessions was equal to the number of participants. The purpose of each task was to solve one algorithmic problem. For each, the Java program was prepared, and then the key fragments of the source code were removed. The participant's goal was to complete the program code in the NetBeans environment and validate the solution by running a unit test, prepared for the purpose of this study.
During the session, the participant had to solve the following problems:
1. Sort the array using the bubble sort algorithm (Appendix A.1).
2.
Return the indicated position within the Fibonacci sequence (Appendix A.2).
3.
Check if the word is a palindrome (Appendix A.3).
4.
Transpose a matrix (Appendix A.4).
To solve the first three tasks, the participants had a maximum of 5 min, and they had 3 min for the last task. Including the time necessary for the introduction and switching of the sensors, as well as the completion of the final questionnaire, the duration of the session was estimated at 40 min.
During the session, data was logged from channels that may be useful in the process of recognizing emotions. Before the participant started solving the tasks, the eye tracker was calibrated and the video camera was adjusted. During the session videos from the camera, eye-tracking data, microphone sound and mouse and keyboard patterns were constantly recorded. To verify the physiological sensors' Downloaded from mostwiedzy.pl obtrusiveness, they were switched on during the subsequent tasks. Only the respiration sensor, as the least onerous, was attached during all the tasks. During the first task, an EDA sensor was connected; during the second, fEMG was used; and during the third, BVP was used. The fourth task was carried out without any additional sensor.
After completing each task, the participants were asked to self-assess their emotional state using the Self-Assessment Manikin (SAM) [37] . Figure 2 presents the assessment form integrated with NetBeans, which was prepared for the purpose of the study. The top panel shows the happy-unhappy scale, which ranges from a smile to a frown. The middle panel corresponds to an excited-to-calm scale. Finally, the bottom scale reflects whether the participant feels controlled or in control. The SAM form is a recognized method of assessing the emotional state in the three-dimensional valence, arousal and dominance (VAD) scale. 
Negative Emotion Induction
On the basis of the classification of emotion induction techniques proposed by Quigley et al. [38] , the "real-world stimuli" technique was chosen. Three methods were applied that reflected the situations occurring in the working environment of software developers that are associated with negative emotions.
The participants performed their tasks using the NetBeans IDE. The functionality of this environment was enhanced with a plug-in called MaliciusIDE, which was developed for the purpose of this study. This allowed malice to be generated that would interfere with the participant during coding. During the study, malfunctions such as suspending a program for a specified number of seconds, duplicating the characters entered, or moving the mouse cursor were triggered manually via a Web interface running on Computer 3. This Wizard-of-Oz (WOZ) technique was implemented to ensure an appropriate number of events. Too few occurrences might not have induced emotions, but too many could have led to the disclosure of the malicious activity of the observer. Preliminary tests were conducted with automatically triggered malices. Their results revealed an insufficient Downloaded from mostwiedzy.pl number of malicious events that were noticed by the participants. For example, users did not notice that the content of the clipboard had been cleaned, because it was not used in a particular task.
For the second task, the goal of which was to return an indicated element of the Fibonacci sequence, an incorrect test case was prepared. Even in spite of the correct solution, the participants were always informed that the program had returned incorrect output. The purpose of such an action was to create confusion and consequently irritability and discouragement.
During the last task, an attempt was made to put time pressure on the participant. After 2 min, a beep signal was generated imitating the observer receiving the message. The participant was informed that the test had to be shortened and that he or she should try to finish the task within 1 min.
Questionnaire
After completing all tasks and disconnecting the sensors, the participant was asked to complete a survey implemented using the Google Forms service. The purpose of the questionnaire was to gather information on the participants' feelings about the methods of recognizing and inducing emotions.
The survey consisted of seven questions (Appendix B). In the first question, using the seven-level Likert scale, the participants assessed the nuisance of particular emotion recognition methods. A value of 1 corresponded to the claim that the sensor was unnoticeable, and a value of 7 corresponded to it having made the work completely impossible.
In the second question, the participants were asked to indicate which of the applied methods could be used in the daily work of programmers. In the next question, the participants reported which emotions were triggered by the emotion-inducing methods.
In the remaining questions, the participants answered how often they express emotions aloud, whether a wristwatch is intrusive during prolonged periods of typing, how often in real work an emotional self-assessment form could be used, and whether they would agree to investigate their emotional state during their daily work.
Execution and Results
The study was conducted in April and May 2017 at the Gdansk University of Technology, Poland. Altogether, 35 undergraduate computer science students, 6 women and 29 men, participated in the study. A single session lasted between 30 and 45 min, depending on the pace at which individual tasks were solved and the number of additional questions. Sample pictures of the participants during the study are shown in Figure 3 . In order to check the possibility of using eye-tracking and video recording to recognize emotions of programmers, the availability metrics AV_EYE and AV_VIDEO, respectively, were introduced. For eye tracking, the AV_EYE metric was defined as the percentage of time for which the pupil's readings per minute were above the assumed sample quality threshold. Depending on the required accuracy of the measurements, four thresholds were presented, as shown in Table 1 . Over most of the time (64.50%), the device recorded more than 29 readings per minute, with the sampling rate of the device at 30 Hz. Only 3.68% of the 1 min periods were without even a single detected fixation point, and 11.28% were with less than 10. The device did not recognize the position of the pupils when the head was tilted too far over the keyboard and also when the head was turned in one direction or the other. However, the collected data was sufficient to generate video clips with fixations and saccades during the solving of the tasks, as shown in Figure 4 . Clips from the camera that recorded the faces of the participants were analyzed using Noldus FaceReader software. This recognizes emotional states on the basis of the FACS. For each video frame, the tool provides results as intensiveness vectors for the following emotions: joy, anger, fear, disgust, surprise, sadness and a neutral state. In the case of an error, instead of numerical values, the label FIND_FAILED is returned if the face cannot be detected on the frame, and FIT_FAILED is returned when the emotion cannot be recognized. In order to assess the accessibility of video-based emotion recognition of software developers during work, three metrics were proposed:
• AV_VIDEO-percentage of time for which emotion was recognized.
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• FINDF-percentage of time for which a face was not detected.
• FITF-percentage of time for which the face was detected, but no emotion was recognized.
The results are shown in Table 2 . The average availability across the samples exceeded 77%. However, a thorough analysis of the provided data has shown that the algorithm implemented in the Noldus FaceReader software had a major problem with recognizing the emotions of people with glasses. In this case, the availability decreased to just 55%, whereas for the remaining cases, it equaled 85% (Table 3) . Other factors that reduced availability were fringes that partially covered the eyes, beards and moustaches (e.g., participant P21). Therefore, to obtain the best accuracy, the recognition of emotions on the basis of facial expressions can only be used for programmers without glasses or facial hair. 
Disturbance
On the basis of the questionnaire survey (Appendix B), the degree of disturbance of individual data collection methods was assessed. All methods were evaluated using the seven-level Likert scale, Downloaded from mostwiedzy.pl where a value of 1 corresponded to the claim that the method was unnoticeable, and a value of 7 indicated that it made the work impossible. Figure 5 shows the compilation of response distributions for all the examined channels. Among the physiological sensors used in the study, the respondents pointed to the EDA sensor placed on the wrist as being the least cumbersome. As many as 16 respondents indicated that it was completely unnoticeable during coding, while only 3 were moderately disturbed.
The next two sensors, a respiration device placed on the chest and a BVP placed on the earlobe, were also rated as slightly intrusive. The last physiological sensor, the fEMG device, was considered the most cumbersome.
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Other methods of collecting data for the purpose of emotion recognition were found by most respondents to be almost completely unnoticeable. Because of the bright light set, the camera that recorded the participant's face was evaluated slightly worse. However, the result of the assessment was still lower than the rating of the least intrusive physiological sensor.
Among all the tested methods of emotional recognition, the participants indicated the eye tracker as being the most acceptable in everyday work. Only one person did not indicate this method. Over half of the respondents reported that they would not be disturbed by collecting mouse movements and typing patterns (85.7%), by video camera recording (65.7%), by SAM (62.9%) or by EDA (62.9%). On the other hand, almost every respondent reported that the electromyographic sensor attached to the face would not usable in the work environment.
The respondents also revealed how often they thought the SAM questionnaire could be used in their daily work. The vast majority (71.4%) indicated that such data could be collected twice a day, for example, while starting and closing the IDE.
In view of the growing smart-watch market, the question as to whether a wrist watch interferes with the daily work of a software developer was raised. Over half of the respondents indicated that it is only slightly intrusive, and only four indicated otherwise. The detailed distribution of the response is shown in Figure 6 . Over 60% of the respondents stated that they often or very often express their emotions verbally while programming. Only seven claimed that they do so rarely or very rarely. However, during the study, no participants except one expressed their emotions this way. Therefore, voice recordings were not analyzed further.
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Inducing Negative Emotions
According to the plan, attempts were made to induce emotions during each session. During all tasks, the observer disrupted the participant's work by causing malicious events in the NetBeans environment. The most commonly used events were adding additional characters while entering text, changing the position of the mouse pointer, freezing the environment for 7 s, clearing the contents of the clipboard, and temporarily hiding the IDE screen. These actions were carried out to disrupt work, but in a way that would seem to be natural behaviour of the application. The frequency of events was manually adjusted so that the users remained unaware of the intended actions of the observer. In addition, for task 2, an invalid test case was prepared, and the time for the last task was shortened.
In the questionnaire survey, the participants were asked to list which emotions were induced by specific actions. In the case of an unstable IDE, irritation most frequently appeared (42.86%), then anger (28.57%), followed by nervousness (25.71%) and frustration (11.43%). Four of the respondents (11.43%) indicated amusement (Figure 7) . A post-study informal interview revealed that it was related to the Downloaded from mostwiedzy.pl fact that these participants had figured out that this unstable work was due to the deliberate actions of the observer. Other emotions were pointed out by only one or two participants and therefore were omitted from the analysis.
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Figure 7. Negative emotions induced by the malicious behaviour of the integrated development environment (IDE).
An incorrect test case in one of the tasks had a lower impact on the emotional state of the programmer. Astonishment, the most commonly reported emotion, was indicated by only six people (17.14%). In addition, the respondents listed anger (14.29%), frustration (14.29%), uncertainty (11.43%) and irritation (11.43%). Other emotions were mentioned by fewer than three respondents.
Attempts to put time pressure on the participants almost completely failed. This had a negligible impact on the emotional state of the participants. Nearly half of the respondents indicated that this had no effect at all. On the other hand, this was the only action with a positive response-20% of the respondents indicated that the shortening of time was a mobilizing factor. Among the remaining responses, only five people listed negative emotions such as nervousness, irritation or fear.
The answers to the question about consent to monitor emotions in the work environment were not conclusive. The distribution of responses was similar to a normal distribution and is shown in Figure 8 . 
Number of responses
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Discussion
On the basis of the results of the study, the most appropriate methods for the recognition of the participants' emotions were those that were completely transparent to the subjects. Despite their low efficiency, keyboard-and mouse pattern-based methods were the most acceptable to the programmers. Of course, the key factor in their implementation in the real work environment is to ensure privacy. The keylogger should not record which keys are pressed, but only patterns of typing, speed, the number of errors and, if possible, key pressures.
At first glance, the differences between the responses to the inconvenience when using the eye tracker and video camera were puzzling. As many as 11 participants pointed out that only the first device could be used in a working environment. Informal interviews conducted after the study revealed that this was related to lighting. During the study, a powerful light set (over 30,000 lm) was used, which was a prerequisite for obtaining high-accuracy results using the Noldus FaceReader software. Some respondents felt discomfort as a result of the very bright light.
Both the availability of eye-tracker data during programming and the user acceptance rating were high. However, studies conducted so far have shown that emotion recognition cannot be performed with high accuracy only on the basis of data from this channel. It can only be used in a multimodal approach. On the other hand, extended pupil movement pattern analysis, combined with keystroke dynamics or mouse movement [30] , can reveal interesting results.
Although emotion recognition on the basis of facial expression is widely used, there are some major problems. The conducted study revealed that it can be used only in the case of people without glasses, a fringe or facial hair. For others, the availability is low; therefore, the recognition accuracy may be insufficient.
During the study, the results of the questionnaire on the expression of emotion vocally were not confirmed. Although the participants were informed that they could speak during the study, among all the participants, only one developer commented on his work, sometimes expressing emotions such as frustration or anger. This led to the surprising conclusion that the method of detecting emotion on the basis of audio analysis is not applicable in laboratory tests. However, the results of the questionnaire showed that it can likely be used in real work environments. To confirm this assumption, it is necessary to collect relevant data from the natural development environment.
Of all the physiological sensors used during the study, the EMG sensor located on the subject's face was recognized as the most intrusive. However, even this sensor was rated as moderately obstructive. This allowed us to conclude that from the point of view of work disruption, all studied sensors can be applied in a laboratory environment to monitor the physiology of software developers.
EDA is known as the physiological signal that allows emotions to be recognized with one of the highest accuracies [39] . However, the best locations for these sensors are the fingers. Clearly, because of the nature of the work of programmers, it is not possible to use this location. The research participant must be able to use the computer as in everyday work, and for programmers, the freedom to move the fingers is crucial. Therefore, an alternative location was chosen, and the sensor was attached to the participant's wrist. It has been shown in studies that this allows correct but less-accurate monitoring of EDA [40] . For similar reasons, the BVP sensor was placed on the ear lobe instead of the tip of the finger. However, it is necessary to be aware that such workarounds may lead to decreasing accuracy of collected data.
One of the possible solutions for the use of physiological sensors in everyday work is the smart watch. These are watches equipped with a set of sensors and software that allows it to collect, pre-analyze and transfer physiological data to a computer or smartphone. Commonly available devices are equipped with a BVP and some come with an EDA sensor. Among the participants, only four indicated that the watch bothered them significantly while typing. The widespread availability of smart watches, equipped with at least BVP and EDA sensors, would certainly allow for extensive monitoring of the emotional state of developers in their natural environment.
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The most effective way to induce the participants' emotions was the manipulation of the IDE by the observer. Its unstable work evoked negative emotions in 32 participants (91.42%). The IDE is a basic tool for developers. Therefore, its unexpected behaviour over a prolonged time can lead to frustration and anger.
The second of the applied methods-an incorrect unit test-also elicited negative emotions, although in a lower number of participants. Over time, some developers began to suspect that the test was invalid. This method should be used for more complex tasks. In the study, it was used in a relatively simple task, which the participants solved in under half the time limit. The other half was spent on searching for an error-an error that was not there. One participant even opened the unit test code and modified it to complete the task.
Threats to Validity
Several threats to validity could have affected the results of this study. First of all, it was assumed that undergraduate students could participate in the study. They do not have as much experience working as a programmer as professional developers. Therefore, this threat may have had a particular impact on RQ2. On the other hand, the participants had used IDEs intensively when programming numerous student projects. Therefore, in the case of analyzing data related to availability and disturbance as well as methods of inducing emotions, the impact of this threat was rather low.
Another threat was the short time allocated for completing the tasks. Emotions related to the tasks performed may not have occurred in such a short time or could have been the result of previous activities. However, the observations of students during the sessions and the post-study interviews did not confirm this threat.
According to the study plan, each of the three physiological sensors was used in only one (the same) task for all participants. Such a study design may introduce a threat of confounding effects, in which the results are valid only for the particular sensor-task pair. However, because of the similar difficulty of each task, this was not believed to be the case for this study.
Conclusions
During the study, emotion recognition methods suitable for monitoring the emotional states of software developers in a laboratory environment were examined. Analysis of the collected data has allowed the research questions to be answered.
In response to RQ1, it can be stated that most of the tested channels can be used successfully during programming. Only audio channels are completely useless in a laboratory environment. Although in the survey the participants reported that they often express emotions verbally while programming, this was not confirmed during the study. In the case of tools for recognizing emotions on the basis of facial expressions, attention should be paid to the appearance of the subject. Studies have revealed that recognition results may be seriously compromised when a participant wears glasses, has a long fringe or has thick stubble.
Among the methods that can be used to monitor the emotion of programmers in the work environment (RQ2), non-invasive methods were indicated first and foremost. The suggested data channels that can be used in daily work include the eye tracker, typing patterns, mouse movements and video recordings. Most respondents also agreed to the use of the EDA sensor. Combined with the results on wearing a wrist watch while programming, it can be claimed that smart watches can be successfully used to monitor the emotions of developers.
Finally, emotion-inducing methods in a laboratory environment were evaluated (RQ3). The malicious plug-in to the IDE proved to be the best approach for triggering negative emotions. Of the remaining methods, shortening the task time did not meet the assumptions of creating time pressure. This incorrect test case, on the other hand, can be used in more complex tasks.
The study has revealed that, while most methods of recognizing the emotions of programmers can be used in laboratory tests, only those that are non-intrusive, such as an analysis of facial expressions or Downloaded from mostwiedzy.pl typing patterns, are accepted in the real working environment. In practice, this means that physiological sensors can be used to monitor the emotions of programmers only in the least invasive form-for example, biosensors built into smart watches. In addition, inducing the emotions in the laboratory environment proved to be challenging. Among the three evaluation methods, only the malicious behaviour of the IDE had an impact on the majority of the participants. To conduct research on the emotional states of programmers in a laboratory environment, it may be necessary to develop and validate more approaches to the problem of inducing emotions. 
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